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1
UNIFLOW CYCLONE SEPARATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage entry, according to 335

U.S.C. § 371, of PCT Application No. PCT/EP2018/071193
filed on Aug. 3, 2018, which claims priority to German
Application No. 10 2017 213 608.1 filed on Aug. 4, 2017,
both of which are herein incorporated by reference 1n their
entirety.

BACKGROUND

The disclosure refers to a uniflow cyclone separator for
separating particles from a dispersion containing the par-
ticles and the fluid. In particular, the dispersion may be a
suspension. The disclosure further refers to the use of the
unitlow cyclone separator.

For separating particles from a dispersion containing the
particles and the fluid, such as a gas or a liquid, a filter may
be used by which the dispersion 1s led through a membrane.
Here, the particles are disposed at the membrane which has
to be exchanged after a certain amount of time 1n order to
avoid a congestion. Alternatives are cyclone separators also
referred to as cyclones or centrifugal cyclones. The cyclone
separators are formed as counterflow cyclone separators,
also referred to as tangential cyclone separators, or as
unitlow cyclone separators, also referred to as axial separa-
tors.

In dispersion tlows, the particles are exposed to influences
of volume forces and fluid forces. Volume forces in a
swirling flow are, for example, centrifugal forces and the
gravity. Fluid forces 1n a swirling tlow are, for example,
aerodynamic forces which are caused by a radial velocity
gradient. Here, a buoyancy force acts on the particles
because of the gradient of the dynamic pressure. Therelore,
the particles are sucked towards the faster portions of the
flow.

In the counterflow cyclone separators, the dispersion 1s
led 1nto a vessel having a rounded side wall, such as a ton
or cone, wherein 1t 1s tangentially passed 1n. The axis of the
vessel 1s therefore basically vertical and perpendicular to the
original moving direction of the dispersion and therefore
perpendicular to the direction of the passing in of the
dispersion into the vessel. Theretore, the dispersion 1s forced
into a circular or a spiral form which 1s given by the wall of
the vessel. Because of the, 1n most cases, increased weight
of the particles, these are forced radially towards the outside
and are decelerated by the wall. As a result, the particles
conglomerate at the bottom of the vessel. In most of the
cases, the fluid 1s dertved from an outlet arranged vertically
above the bottom; 1n most cases, the outlet 1s arranged above
the position of the inlet of the dispersion into the vessel.
Because of the vertical passing of the dispersion into the
vessel, the required space 1s increased and an upgrade of
existing devices by such a counterflow cyclone separator
therefore 1s not possible in most of the cases. Also, the
direction 1n which the flmd 1s led out of the counterflow
cyclone separator may not correspond to the direction in
which the dispersion 1s passed into the countertlow cyclone
separator, wherefore further redirections of the dispersion
are necessary. Additionally, a relative high pressure loss for
the fluid and/or for the particle separation 1s caused.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

In the following, exemplary aspects of the disclosure are
turther explained with the aid of drawings. Elements corre-
sponding to each other have the same reference numbers
throughout the figures.

FIG. 1 schematically shows a unitlow cyclone separator
having a pipe section, which has an inner wall having a
female thread, and having second pipe section, in which a
damming body, having guide blades being attached to 1t and
extending radially outwardly, 1s arranged,

FIG. 2 shows a cross-section of the pipe section,

FIG. 3 shows a perspective view of the damming body
with guide blades being attached to 1t and extending radially
outwardly,

FIG. 4 schematically shows an aspect of the uniflow
cyclone separator, and

FIG. 5 shows a cross-section of an aspect of the second
pipe section and a damming body having guide blades being
attached to 1t.

DESCRIPTION

Here, uniflow cyclone separators are alternatives. In
these, the dispersion 1s forced into a rotational movement
around an axis parallel to the direction of the movement of
the dispersion. In most of the cases, the generation of this
movement 1s caused by guide blades being arranged in a
pipe portion of the unitlow cyclone separator or by a
secondary flow which 1s tangentially fed in. In this manner,
a velocity 1n a tangential direction 1s imprinted into the
dispersion, wherein the maximum velocity of the dispersion,
its absolute amount, 1s basically central between a wall of
the pipe and the center of the pipe. Therelore, the particles
here are moved radially outwards also, whereas the fluid 1s
basically moved to the center of the umitlow cyclone sepa-
rator. However, because the maximal velocity 1s not at a rim
of the portion of the pipe, a force acting on the particles 1n
radial direction i1s decreased the more the particles move
away Irom the area of maximal velocity, wherefore a few
particles only conglomerate in the rim area.

Namely, the rotation of the dispersion leads to a formation
of a Hamel-Oseen-Vortex, which basically corresponds to a
rigid body vortex in the kernel area and to a potential vortex
towards the pipe wall directly following radially outwardly.
Depending on the vortex structure, an area of maximal
absolute velocity 1s generated, which may be seen as a drain
regarding the fluid forces, and to which the particles are
moved.

Because of the construction, the unitlow cyclone separa-
tor may be subsequently integrated in existing systems.
Also, the manufacturing costs of such a umtlow cyclone
separator are reduced. Additionally, only a relative low
pressure loss 1s caused, because 1t 1s not necessary to redirect
the dispersion perpendicular to the moving direction. How-
ever, an efliciency of the uniflow cyclone separator and a
selectivity between the particles and the flmmd may be
decreased. In particular, in an aspect such as a unitlow
hydrocyclone, the deposition rate may be further reduced,
because of the basically same density of the particles and the
flmd.

It 1s an object of the present disclosure to provide a
particularly suitable uniflow cyclone separator and a par-
ticularly suitable use of a unitlow cyclone separator, wherein
an elliciency 1s advantageously increased.

According to the disclosure, this object 1s solved regard-
ing the uniflow cyclone separator by the features described
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and claimed herein. Further advantageous aspects may be
similarly described and claimed herein.

The umitlow cyclone separator contributes to the separa-
tion of particles from the dispersion. The dispersion may be
formed by the particles and the fluid. The density of the
particles and the density of the fluid may, for example, be
basically the same. The ratio of the densities may be 1 or at
least between 0.95 and 1.05 or between 0.99 and 1.01 or
between 0.995 and 1.005. The particles may have a size, for
example between 1 nm to 1 um or, for example, larger than
1 um. Further, the particles may have a particle size between
0.1 mm and 1 mm or larger. The particles may comprise one
single substance or various substances or elements. For
example, the particles are heterogeneous.

For example, the particles may be at least partially formed
by sand. For example, the fluid 1s a gas or a liquid. For
example, the flmd 1s imncompressible and a liquid. In other
words, the dispersion may be a suspension. For example, the
fluid 1s water which may be taken out from running water or
the sea. The fluid may for example be used as cooling liquid
in an 1industrial device or as process water in mining.
Alternatively, the fluid may be passed mto a desalination
tacility, and the dispersion 1s seawater, in which for example
particles, in particular sand, are present.

The unitlow cyclone separator 1s an axial separator. In
other words, the uniflow cyclone separator 1s an axial/
unidirectional centrifugal separator. The dispersion 1s led
through the uniflow cyclone separator 1n the guiding direc-
tion, wherein the guiding direction may not be changed for
the separation. Suitably, the guiding direction 1s constant. In
other words, the direction 1n which the dispersion or at least
the fluid are fed 1s not changed.

The umitlow cyclone separator has a pipe section, which
may be formed hollow-cylindrically and contributes to the
leading of the dispersion in the guiding direction. Here, the
dispersion 1s led through the hollow-cylindric pipe section
during operation. For example, the guiding direction 1s at
least partially parallel to the axis of the hollow-cylindric
pipe section. The pipe section has an imnner wall, along which
therefore the dispersion 1s led during operation. In some
aspects, the hollow-cylindric pipe section has a basically
circular cross-section. The hollow-cylindric pipe section
may be Iree from further parts of the umiflow cyclone
separator such that it may be passed relatively free by the
dispersion. In other words, there may be no further parts
within the inner wall and a hollow space 1s formed by the
inner wall.

The mmner wall of the pipe section may have a female
thread. In other words, the inner wall has an indentation
and/or a radially mwardly protruding extension, which
extends 1n the form of a coil along the guiding direction. In
particular, by the indentation and, respectively, the exten-
s10n, a helix 1s formed, for example, a curve, curling around
a cylindric barrel with a slope, wherein the cylinder 1is
particularly provided by the mner wall. In other words, the
temale thread curls around the axis of the hollow-cylindric
pipe section. In particular, the inner wall has the female
thread in the gmiding direction over its full length. The length
of the pipe section 1s for example the same as the diameter
of the pipe section or larger than the diameter of the pipe
section, larger or the same as twice the diameter of the pipe
section, or larger or the same as triple that of the pipe
section. For example, the length of the pipe section 1s larger
or the same as 10 times, 20 times, 50 times, 100 times or 150
times the diameter of the pipe section.

The female thread contributes to the swirl generation of
the dispersion such that 1t has a velocity component tangen-
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tial, e.g., perpendicular, to the guiding direction after passing,
the female thread. So, the female thread 1s the swirl gen-
erator. In other words, because of the female thread, the
dispersion 1s forced into the rotational movement 1n addition
to the translation movement along the guding direction,
wherein the rotational movement i1s perpendicular to the
guiding direction. Here, the tangential velocity component 1s
applied on the layers of the dispersion moving along the
inner wall by the female thread, which 1s transierred to the
turther, interiorly positioned areas of the dispersion because
of viscosity or similar. As a consequence, the dispersion has
a velocity profile which 1s not constant.

In sum, the outer areas of the dispersion, 1.e., those which
are relatively close to the iner wall, 1n particular 1n the area
of the extension protruding inwardly, have the largest veloc-
ity because of the female thread. This velocity corresponds
to the dominating velocity, because of leading the dispersion
along the guiding direction, in addition to the velocity,
which 1s applied because of the female thread. Here, the part
of the dispersion, which 1s basically only in the center, has
the velocity component in the guiding direction only.
Because of the viscosity of the dispersion, the velocity
basically linearly increases from the center of the pipe
section towards the imner wall such that the rotational
movement of the dispersion basically corresponds to that of
a solid body.

As a consequence, the particles are relatively efliciently
moved radially outwardly to the mner wall of the pipe
section because of the centrifugal force, in particular 1n
conjunction with the fluid force, wherein the force acting on
the particles 1n the radial direction increases with decreasing
distance to the mner war. So, the more outward the particles
are already positioned, the stronger they are moved out-
wardly, which leads to a relative sharp separation between
the particles and the fluid in the dispersion. The particles
themselves particularly move along the helix course, which
1s provided because of the slope of the female thread. No
movable parts may be necessary for separating the particles
from the dispersion, thereby reducing manufacturing costs
and {failure sensibility. In addition, the efliciency 1s
increased. The particles themselves are removed from the
flmmd by a suitable separation chamber, which may be
arranged fluid-technically after the pipe section. In particu-
lar, by the uniflow cyclone separator, an efliciency, 1.e., the
ratio of the fluid led out of the uniflow cyclone separator to
the volume of the dispersion lead into of the uniflow cyclone
separator, of up to 80% 1s realized, wherein a particle
separation (a degree of particle separation) of up to 95% 1s
achieved during operation.

In particular, the female thread has a notch (e.g. a nut)
which 1s realized by the indentation (groove). In other
words, the notch corresponds to the groove and the notch 1s
formed 1n a helix form along the guiding direction and the
inner wall 1s notched for forming the notch. Particularly, the
female thread has an amount of such notches. Hereby, the
swirl generation 1n the dispersion 1s improved. For example,
the amount of notches 1s between two notches and 100
notches, between 4 notches ad 20 notches and, for example
12 notches, what leads to the relatively eflective swirl
generation, wherein the formation of vortices 1s particularly
decreased.

Additionally, having such an amount of notches, the
manufacturing costs are relatively low. For example, the
notches are provided by grooves, which, for example, have
a basically rectangular cross-section. However, in some
aspects, the notches are rounded and the cross-section of
cach notch suitably 1s handle-shaped and/or pinna-shaped.
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So, the cross-section of each notch 1s formed at least
partially spiral-shaped, for example, logarithmically spiral-
shaped, and/or curved. Consequently, the hollow-cylindric
pipe section has a cross-section which may be cog wheel-
shaped or saw blade-shaped. For example, the cross-section
1s formed in accordance with the cross-section of a free
wheel. Because of the curvatures, the formation of unwished
vortices 1s further decreased, which otherwise would lower
the efliciency.

For example, the angle of slope of the female thread 1s
constant. However, in some aspects, the angle of slope
increases in the guiding direction. For example, the angle of
slope starts at 0° and, for example, increases continuously
such that the formation of vortices 1s further avoided. As a
consequence, the rotation velocity of the dispersion around
an axis along the guiding direction continuously increases,
turther increasing the efliciency. In particular, the angle of
slope of the female thread may correspond to the angle of
slope of the notches and, 1n some aspects, the angle of slope
of the notches 1s the same, at least at the same position 1n the
guiding direction. For example, the angle of slope 1s the
angle between the female thread, 1n particular the notch, and
the guiding direction. For example, the angle of slope 1s
between 15° and 60° and increases, for example, between
15° and 60°, either continuously or exponentially. As a
consequence, after passing the pipe section, in the area of the
inner wall, the dispersion basically has the same velocity
component 1n the guiding direction as 1n the tangential
direction, in the area of the mner wall. For example, the
angle of slope 1s chosen such that a sub-critical swirl degree
1s formed, wherein the swirl degree i1s particularly deter-
mined by the ratio of the velocity component 1n the tangen-
tial direction to the velocity component i the guiding
direction and, for example, corresponds to it. As a conse-
quence, a turbulence intensity 1s decreased. So, there 1is
formed a sub-critical swirl (lower turbulence intensity), 1n
particular up to a critical swirl degree, and a super-critical
swirl (increased turbulence intensity) from the critical swirl
degree upwards. The sub-critical swirl 1s particularly advan-
tageous for the particle separation. The swirl degree par-
ticularly results from the ratio of the tangential to the axial
impact tlow.

In some aspects, the second pipe section, which 1s formed
hollow-cylindrical, 1s fluid-technically arranged after the
pipe section. For example, both pipe sections are coaxially
arranged. For example, the second pipe section directly
interfaces with the pipe section and the pipe section may
directly transition into the second pipe section. In particular,
the pipe section 1s formed at the second pipe section and
therefore made of a piece, 1n particular monolithically, with
it. For example, the second pipe section has a basically
round cross-section. For example, at the side facing the pipe
section, the second pipe section has the same 1nner diameter
as the pipe section, avoiding a vortex of the dispersion or the
fluid at the transition from the pipe section to the second pipe
section. So, the second pipe section also has an 1nner wall
and the dispersion or at least the fluid and the particles
separated therefrom are also passed through the second pipe
section 1n the guiding direction during operation, namely
from the pipe section.

For example, the mner wall of the second pipe section
also has a female thread at least sectionally, 1n particular
completely, wherein, for example, the female thread of the
pipe section directly transitions into the female thread of the
second pipe section. In other words, the notch or, respec-
tively, the notches of the female threads are aligned with
cach other. For example, the angle of slope of the female
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thread of the pipe section at the transition i1s the same as the
angle of slope of the female thread of the second pipe
section. Alternatively, or in combination with this, the inner
wall of the second the pipe section 1s formed at least
sectionally, 1n particular completely, smooth. A damming
body 1s arranged 1n the second pipe section. In particular, 1t
1s arranged 1n the middle within the second pipe section, 1.e.
centrical within the second pipe section and, for example, on
the axis of the second pipe section.

For example, the damming body 1s rotational symmetric
or, 1n some aspects, rotational symmetric regarding the axis
ol the second pipe section. In particular, the damming body
1s flow-optimized. For example, the damming body 1s drop-
shaped, wherein the larger end 1s particularly directed
towards the pipe section. As such, the fluid-technical resis-
tance of the damming body 1s decreased and turbulences are
avolded. Guide blades extending radially outwardly are
connected to the damming body, 1n particular are formed at
it. In other words, the extension of the guide blades has at
least one component 1n radial direction. The guide blades
extend from the damming body to the mnner wall of the
second pipe section, 1.e., at least sectionally radially and
outwardly regarding the damming body. For example, the
guide blades extend at least partially tangentially and may be
tformed spiral-shaped curved. The guide blades are formed
spaced apart from the mnner wall of the second pipe section.

Because of the distance of the guide blades to the inner
wall, the part of the dispersion being radially at the outside
1s relatively shightly influenced by the guide blades. Because
of the distance of the guide blades from the inner wall of the
second pipe section, the rotational movement of the disper-
sion 1s maintained such that 1t still has the rotational move-
ment after passing the damming body and the guide blades.
In particular, the guide blades cause a maintenance of the
swirl. The distance of the guide blades to the outer wall
particularly has the eflect that the absolute velocity of the
swirl flow at the outer wall 1s still maximally maintained.

The dispersion 1s forced radially outwardly from the
middle of the second pipe section by the damming body,
wherein the rotational movement of the dispersion caused by
the pipe section 1s maintained. As a consequence, the
particles are forced outwardly and further accelerated
towards the inner wall of the second pipe section because of
the rotational movement. So, the increased centrifugal force
and/or the flmd force act on the particles moved radially
outwardly, wherefore particles being 1n the fluid after the
pipe section are disposed towards the iner wall of the
second pipe section. After passmg the damming body,
mostly, only the fluid 1s moved again 1nto the middle of the
second pipe section such that the outer areas of the disper-
s1on still contain, mostly, only particles. To the contrary, the
inner areas of the dispersion basically only have the fluid
being moved mwardly after the damming body. So, an
elliciency 1s increased by the damming body and the guide
blades.

In some aspects, the guide blades are tilted regarding the
guiding direction. In particular, the guide blades are tilted
regarding the axis of the hollow-cylindrical second pipe
section and therefore oblique to 1t. In some aspects, the guide
blades form a male thread being connected to the damming
body. Because of the tilt, the dispersion 1s further forced nto
the rotational movement by the guide blades during opera-
tion or at least the rotational movement of the dispersion 1s
maintained.

In some aspects, the angle of tilt of the guide blades 1s the
same as the angle of slope of the female thread. In other
words, the guide blades have the same angle of slope as the
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female thread. As far as the angle of slope of the female
thread 1s variable, in particular the angle of slope/tilt of the
guide blades 1s the same as the angle of slope of the female
thread at the transition from the pipe section to the second
pipe section, as far as the second pipe section does not have
any female thread. As far as the second pipe section also has
the female thread, the angle of tilt of the guide blades may
be the same as the angle of slope of the female thread of the
second pipe section.

If the angle of slope of the female thread of the second
pipe section 1s variable, in particular, the angle of tilt of the
guide blades 1s also variable and may change 1n correspon-
dence to the angle of slope of the female thread. Hereby, for
example, the angle of tilt of the guide blades corresponds to
the angle of slope of the female thread at the same position
in axial direction and/or 1n the guiding direction. So, because
of the tilt of the guide blades, the rotational movement
caused by the female thread 1s increased or at least main-
tained. Consequently, the guide blades also contribute to the
swirl generation or at least the swirl maintenance.

In some aspects, the length of the guide blades in the
guiding direction 1s diminished with decreasing distance to
the inner wall. In other words, the length of the guide blades
overtlowed by the dispersion decreases towards the inner
wall. As a consequence, at the pipe wall, the dispersion
basically maintains the original velocity, which dominates at
the outlet of the pipe section, and the dispersion basically
also still has the rotational movement corresponding to that
of a solid body. As such, the separation of particles from the
fluid 1s further enhanced. Alternatively, the cross-section of
the guide blades has an overrun. In particular, the guide
blades cross-section 1s spiral-shaped.

In some aspects, the damming body and/or the guide
blades are formed of plastic. For example, the damming
body and the guide blades are formed of a piece (mono-
lithically). For example, between 3 guide blades or 20 guide
blades and, for example, 4 guide blades or 8 guide blades are
connected to the damming body. So, the tlow resistance 1s
relatively low, wherein an etlicient maintenance or imple-
mentation of the rotational movement in the dispersion
nevertheless 1s given.

In some aspects, the second pipe section 1s widened at a
side facing away from the pipe section. For example, the
inner diameter of the second pipe section continuously
increases or the inner diameter at least continuously
increases starting at a given point of the second pipe section.
Alternatively, for example, a step or similar 1s present.
Because of the widening, particles are further removed from
the middle of the second pipe section such that a backflow
of these after the damming body towards the middle of the
second pipe section 1s further prevented. Additionally, 1n this
way, a disposing of the particles 1s sitmplified. Because of the
widening, in particular, the area of the cross-section of the
gap surrounding the flow body increases continuously/ex-
ponentially. In this way, flow conditions are generated which
prevent a backtlow/back eflect of the particles. So, particles
in a secondary volume flow particularly do not reach the
primary volume tlow.

For example, a hollow-cylindric pipe section 1s arranged
fluid-technically before the pipe section, for example,
directly before the pipe section. In other words, 1n particular,
the third pipe section transitions into the pipe section and,
for example, the pipe sections are formed at each other, 1n
particular made of a piece, for example monolithically. In
some aspects, the axis of the hollow-cylindrical pipe sec-
tions are parallel to each other, and may be the same. In
some aspects, the third pipe section 1s arranged coaxially to
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the pipe section, and/or the pipe section has the same inner
diameter as the third pipe section. For example, the cross-
section of the third pipe section 1s round. Another damming
body 1s arranged in the third pipe section, for example,
centrically. For example, the damming body 1s arranged 1n
the middle of the axis of the hollow-cylindrical third pipe
section and, may be formed rotation or rotational symmetric
regarding it.

Guide blades extending radially outwardly are arranged at
the further dammaing body. In other words, the further guide
blades extend from the further damming body at least partly
radially outwardly. The guide blades are connected to an
inner wall of the third pipe section. So, basically every part
of the dispersion 1s influenced regarding 1ts movement by
the guide blades, wherein the dispersion 1s forced radially
outwardly by the damming body. In other words, the further
guide blades contribute to guide the dispersion. For
example, between two further guide blades and 20 further
guide blades and, for example, 10 further guide blades are
present. Alternatively, the damming body 1s omitted and the
turther guide blades are formed at each other. A pre-swirl 1s
provided by the further gmide blades, wherefore particularly
the pipe section may be formed shortened. In this case, the
pipe section contributes to the “homogenization/easing” of
the swirl tlow. In particular, hereby, the length of the pipe
section 1s at least the same as 10 times the (inner-) diameter
of the pipe section.

In some aspects, the further guide blades are tilted at least
sectionally regarding the guiding direction. In other words,
the further guide blades include an angle of tilt regarding the
guiding direction or at least regarding the axis of the third
pipe section. Hereby, the angle of tilt may be constant. In
some aspects, the angle of tilt 1s not constant and so the
guide blades are curved. Because of the tilt of the guide
blades, belfore entering the pipe section, the dispersion
already 1s forced into a swirl movement, i.e., rotational
movement around the axis of the third pipe section. In other
words, when entering the pipe section, the dispersion
already partly rotates. Possible turbulences within the dis-
persion are diminished and 1ts moving 1mage, 1n particular
a velocity profile of the dispersion, 1s homogenized by the
female thread of the pipe section, such that the dispersion
basically has the velocity profile of a rotating solid body
when leaving the pipe section. In other words, the velocity
component 1n tangential direction increases with increasing
radial distance to the middle axis of the pipe section, in
particular, linearly. As far as the second pipe section 1s
present, the angle of slope of the female thread at the side
facing the third pipe section 1s different from 0° and, 1n
particular, corresponds to the angle of tilt of the guide blades
regarding the guiding direction at the side facing the pipe
section. Consequently, 1n particular, this swirl tlow 1s eased.

In some aspects, a separation chamber 1s arranged fluid-
technically after the pipe section. As far as the second pipe
section 1s present, hereby the separation chamber 1s arranged
flmid-technically after the second pipe section, 1n particular
directly. As far as the second pipe section 1s not present, for
example, the separation device 1s arranged directly after the
pipe section. The separation chamber itself has a separation
pipe (for example, a dip tube), which, in particular, 1s
arranged coaxial to the pipe section, and may be coaxial to
the second pipe section, as far as it 1s present. For example,
the separation pipe (1immersion pipe) itself has a basically
round cross-section perpendicular to the guiding direction.
For example, the separation pipe 1s orientated basically
parallel to the guiding direction. The mner diameter of the
separation pipe 1s smaller than the mner diameter of the pipe
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section. Regarding the circumierence, the separation pipe 1s
surrounded by a collecting chamber. Hereby, the particles
are moved into the collecting chamber (secondary volume
flow) by the movement of the particles towards the inner
wall of the pipe section, whereas the fluid enters the sepa-
ration pipe (primary volume flow). So, the fluid cleaned
regarding the particles and the particles are provided by the
separation chamber, wherein basically only relatively low
traces of the fluid are present in the latter.

In some aspects, the collecting chamber directly sur-
rounds the separation pipe, which, for example, has a
relative thin wall. So, 1t 1s possible, to select the degree of
purity of the fluid or the degree of punity of the separated
particles by the selection of the inner diameter of the
separation pipe. For example, the separation pipe at least
partly 1s closed by a cone or similar at the side facing away
from the pipe section, wherein, in particular, a circumier-
ential slit 1s formed between the rim of the separation pipe
and the cone. The fluid exits through the slit during opera-
tion. In some aspects, the top of the cone protrudes into the
separation pipe and, for example, the cone 1s arranged
coaxially regarding the separation pipe. In particular, the
cone acts as a ram pressure body and/or for regulating the
pressure conditions/velocity conditions at the inlet of the
separation pipe. Alternatively, for example, the separation
pipe has a terminal for a conduit. For example, the inner
diameter of the separation pipe 1s widened at the side facing
away Irom the pipe section. For example, the inner diameter
increases irom the beginning of the separation pipe at the
side of the pipe section 1n the guiding direction. Conse-
quently, a velocity of the fluid 1s diminished during opera-
tion.

A uniflow cyclone separator having a hollow-cylindric
pipe section for leading a dispersion 1n a guiding direction,
wherein an inner wall of the pipe section has a female thread,
1s used for the separation of particles from the dispersion,
which contains the particles and an mcompressible fluid,
such as a liquid. In other words, the dispersion 1s a suspen-
sion. In particular, the dispersion 1s composed of the par-
ticles and the incompressible fluid, wherein, for example,
the fluid 1s a mixture of different liquids. For example, the
fluid 1s water or contains 1t. For example, the particles are
homogeneous or, 1n some aspects, heterogeneous and have
a grain size of more than 1 um, more than 0.1 mm or more
than 1 mm. For example, the unitlow cyclone separator 1s
used 1n an industrial facility, 1 particular for providing
cooling water. Alternatively, the uniflow cyclone separator
may be used 1n mining, in particular for providing process-
ing water. Alternatively, the unitlow cyclone separator is
used for pre-cleaning in a desalination facility by which, in
particular, secawater 1s desalinated.

The aspects and advantages explained regarding the uni-
flow cyclone separator analogously are transferred to its use
and vice versa.

In FIG. 1 a uniflow cyclone separator 4 1s schematically
simplified shown 1n a cut along a longitudinal axis 2. The
uniflow cyclone separator 4 1s used to filter the dispersion 6,
which 1s composed of an incompressible fluid 8 1n the form
of water and particles 10 1n the form of sand, and as such to
separate the particles 10 from the dispersion 6 such that the
incompressible tluid 8 1s present basically pure. Thus, the
dispersion 6 1s the suspension. The uniflow cyclone sepa-
rator 4 may be arranged before a seawater desalination
tacility and the dispersion 6 1s taken out of the sea such that
the fluid 8 1s seawater. Hereby, particles 10 being present in
the seawater would damage the seawater desalination facil-
ity or at least lower 1ts efliciency. Therefore, 1t 1s necessary
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that the particles 10, 1.e. the sand, as well as further solid
parts being present 1n the seawater are removed from the
scawater.

The unitlow cyclone separator 4 has a hollow-cylindrical
pipe section 12 and a second pipe section 14 being fluid-
technically arranged afterwards and being formed hollow-
cylindric. The second pipe section 14 1s formed at the pipe
section 12 and coaxially arranged regarding the pipe section
12. The mner diameter of the pipe section 12 1s constant and
the same as the mner diameter of the second pipe section 14
at the side facing the pipe section 12. At the side facing away
from the pipe section the second pipe section 14 1s widened
such that the inner diameter increases.

Fluid-technically after the second pipe section 14 a sepa-
ration chamber 16 i1s arranged, which therefore 1s fluid-
technically arranged after the pipe section 12 also. The
separation chamber 16 has a collecting chamber 18 having
a guiding pipe 20, which 1s formed at the second the pipe
section 14 at the side facing away from the pipe section 12.
The second pipe section 14 1s widened with a continuous
distance to the pipe section 12 and the guiding pipe 20 is
widened with increasing distance to the pipe section 12 also.
Hereby, the inner diameter of the guiding pipe 20 on the side
facing the second pipe section 14 1s the same as the nner
diameter of the second pipe section 14. The guiding pipe 20
1s also coaxially arranged regarding the second pipe section
14, 1.e. regarding the longitudinal axis 2, such that a relative
smooth transition between these 1s present.

A separation pipe 22 1s coaxially arranged within the
guiding pipe 20 and 1s therefore also coaxially regarding the
pipe section 12 and the second pipe section 14, the inner
diameter of the guiding pipe 20 being smaller than the
diameter of the pipe section 12 at the side of the pipe section
12 as well as of the first the pipe section 14 and 1s therefore
also smaller than the iner diameter of the second pipe
section 14. The mner diameter of the separation pipe 22 1s
widened with increasing distance to the pipe section 12,
wherein the length of the separation pipe 22, over which 1t
1s widened, corresponds to the length of the guiding pipe 20.
In other words, the separation pipe 22 1s widened 1n that
area, 1n which it 1s arranged 1n the guiding pipe 20. So, a
circumierential slot 24 1s formed between the guiding pipe
20 and the separation pipe 22, the slot 24 having a cross
section, which continuously/exponentially increases 1n
direction away from the pipe section 12. The length of the
separation pipe 22 1s larger than the length of the guiding
pipe 20, and a separation wall 26 1s attached to the guiding
pipe 20 with a distance to the guiding pipe 20, 1n particular
formed at 1t, limiting the collecting chamber 18. So, the
separation pipe 22 is at least sectionally surrounded by the
collecting chamber 18. A cone-shaped ram pressure body 28
protrudes with 1ts tip into the separation pipe 22 from the
side facing away from the pipe section 12, which 1s formed
coaxial regarding the longitudinal axis 2 also. Hereby, a
circumierential slit 30 1s formed between the ram pressure
body 28 and the separation pipe 22.

The hollow-cylindrical pipe section 12 has an 1mnner wall
32, which forms the limitation of the pipe section 32 1n
radially direction. The area within the mnner wall 32 1s free
from further parts of the uniflow cyclone separator 4 such
that during operation the pipe section 12 can be flowed
basically free by the dispersion 6 1n the guiding direction 34,
which 1s parallel to the longitudinal axis 2 and directed from
the pipe section 12 towards the separation chamber 16. The
inner wall 32 has a female thread 36 with 12 notches 38. For
example, the length of the pipe section 12 in the guiding
direction 34 1s 6.5 m.
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In FIG. 2, a cross-section of the pipe section 12 perpen-
dicular to the longitudinal direction 2 1s shown. The notches
38 are rounded and are formed in the manner of handles or
cars such that a circular saw blade-shaped cross-section of
the pipe section 12 1s given. An angle of slope 40 1s formed
between each of the notches 38 and the guiding direction 34,
wherein all angles of slope 40 of the notches 38 are the same
at each cross-section perpendicular to the guiding direction
2. In other words, the notches 38 extend 1n constant tangen-
tial distance and consequently parallel to each other. The
angle of slope 40 increases in the guiding direction 34. So,
in guiding direction the notches 38 have an angle of 15° at
the beginning of the pipe section 12. Whereas, at the
transition of the pipe section to the second pipe section 14
the inner thread 36 and thus all notches 38 have an angle of
slope of 45°. The increase of the angle of slope 40 1s linear
or exponential. Consequently, the extension of the notches
38 1s 1n the manner of a helix around the longitudinal axis
2, wherein the distance of the helix winding (coil) and the
guiding direction 34 decreases because of the increase of the
angle of slope. In other words, 1t 1s about a clinched helix.

The second pipe section has an mner wall 41 with a
female thread 42 also, which has 12 notches also. The
notches 38 of the thread 36 of the pipe section 12 directly
transitions into the notches of the female thread 42 of the
second pipe section 14 and align with it. The angle of slope
40 of the thread 42 of the second pipe section 14 1s constant
and 1s 45°. Within the second pipe section 14 the damming
body 44, shown 1n a perspective view 1 FIG. 3, 1s arranged,
which 1s drop-shaped and formed of plastic. Hereby, the
thickened end faces the pipe section 12 and the tapered end
faces towards the separation chamber 16. Alternatively, the
damming body 44 has a lens-shaped contour sharply termi-
nating towards the separation chamber 16. In other words,
the damming body 44 has a rotational symmetric shape of
the upper wing contour. The rotational symmetric damming,
body 44 is centrally arranged within the second pipe section
14 and thus rotational symmetric regarding the longitudinal
axis 2. The maximal extension of the damming body 44 1n
radially direction, 1.e., perpendicular to the longitudinal axis
2, 1s basically half the diameter of the pipe section 12. In
particular, the maximal extension depends of the tlow veloc-
ity and the particles to separate.

Eight guide blades 46, of which only four are shown,
extend radially outwardly and are attached at the damming
body 44. The guide blades 46 are spaced apart from the inner
wall 41 of the second pipe section 14 and tilted regarding the
guiding direction 34 such that they are wounded around the
damming body and thus form a male thread. The angle of
slope (angle of tilt) of the guide blades 46 regarding the
guiding direction 34 1s the same as the angle of slope 40 of
the female thread 36 at the transition to the second thread 42
and the same as the angle of slope of the female thread 42
of the second pipe section 41 and 1s consequently 45°. The
length of the guide blades 46, 1.e., their extension in the
guiding direction 34, 1s decreased with increasing distance
to the longitudinal axis 2. So, the guide blades 46 basically
are drop-shaped also, seen from a lateral top view. Hereby,
the guide blades 46 extend radially (yust lying on the radius)
in the cross-section (pipe cross-section). Alternatively, the
cross-section of the guide blades 46 has an overrun. That 1s,
the cross-section of the guide blades follows the spiral-
shaped contour.

During operation, the dispersion 6 1s passed 1nto the pipe
section 12 1n the guiding direction 34 through an inlet 48,
which 1s arranged at the side facing away from the second
pipe section 14. Hereby, the dispersion 6 basically has only
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a velocity component 1n the guiding direction 34. Because of
the female thread 36, the dispersion 1s forced into a rota-
tional movement around the longitudinal axis 2 in the area
of the mner wall 32. This velocity component 1s transferred
to areas of the dispersion 6, which are spaced apart from the
iner wall 32, because of the viscosity of the dispersion 6.
Consequently, the velocity component of the dispersion 6
perpendicular to the guiding direction 34 1s larger the further
the dispersion 6 1s at the inner wall 32. The absolute value
of the velocity 1s proportional to the distance to the longi-
tudinal axis 2, wherefore the dispersion 6 has a rotational
movement also, which 1s directed around the longitudinal
axis 2, 1in addition to the translational movement.

In other words, the rotational axis of the dispersion 1s the
same as the longitudinal axis 2. Consequently, the dispersion
6 behaves like a solid body, at which a velocity component
in tangential direction linearly increases with the distance to
the rotational axis during the rotational movement. Because
of the increase of the angle of slope 40, the rotational
velocity of the dispersion 6 increases with increasing pen-
etration of the pipe section 12. The particles 10 are moved
radially outwardly by the centrifugal force (volume force)
caused by the rotation and by the buoyancy (fluid force
directed towards the inner wall 32 and caused by the velocity
gradient).

Subsequently, the dispersion 10 comes upon the damming
body 44 after passing the pipe section 12 such that the
complete dispersion 1s moved radially outwardly 1n radial
direction. Hereby, the rotational movement of the dispersion
6 1s maintained by the female thread 42 of the second pipe
section 14 as well as the guide blades 46. After passing the
radial farthest extension of the damming body 44, the fluid
8 only 1s moved towards the longitudinal axis 2 again,
because of the rotational movement, whereas the particles 10
stay radially outwardly. Therefore, the particles 10 have a
larger distance to the longitudinal axis 2 than the opening of
the separation pipe 22, wherelfore the particles 10 reach into
the slot 24 and so 1nto the collecting chamber 18. There, they
come upon the separation wall 26 and thus are prevented
from a further movement 1n the guiding direction 34. Con-
trarily, regarding the inner wall 41 of the second pipe section
14, the fluid 8 1s shifted inwardly towards the longitudinal
axis 2 and passes 1nto the separation pipe 22. There, 1t comes
upon the ram pressure body 18 and 1s channeled through the
slit 30 out of the uniflow cyclone separator 4. By selecting
the inner diameter of the separation pipe 22 on the side of the
second pipe section 14, 1t 1s possible to set the purity of the
fluid 8 and, respectively, the particles 10.

In FIG. 4, a modification of the unitlow cyclone separator
4 1s shown. Hereby, the hollow-cylindrical third pipe section
50 1s arranged fluid-technically betfore the inlet 48. However,
a further modification i1s not present such that the pipe
section 12, the second pipe section 14, the separation
chamber 16, the damming body 44, as well as the guide
blades 46 are left unchanged. Alternatively, the length of the
pipe section 12 1s shortened. The third pipe section 14 has
the same inner diameter as the pipe section 12 and 1s
concentrically arranged with respect to it. Further, the third
pipe section 50 1s attached to the pipe section 12 and
therefore made of a piece, 1.e. monolithically, with 1it.
Another damming body 32 is arranged within the third pipe
section 30, which 1s cylindrically formed or flow-optimized
and concentrically arranged regarding the longitudinal axis
2. The other damming body 52 1s dome-shaped at the side
facing away from the pipe section 12. In sum, the damming
body 52 1s in the middle of the third pipe section 50, wherein
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the other damming body 52 1s spaced apart from an inner
wall 54 of the third pipe section.

Further guide blades 56 extending radially outwardly are
attached at the other damming body 52. Hereby, ten further
guide blades 56 are present. The further guide blades 56
extend radially and are attached at the other damming body
52 as well as the mner wall 54 of the third pipe section 50
and are formed at 1t. Additionally, the further guide blades 56
are sectionally tilted regarding the guiding direction 34, 1.e.
regarding the longitudinal axis 2, and rounded. Conse-
quently, during operation, the dispersion 6 is passed into the
third pipe section 50 at the side facing away from the pipe
section 12 and already 1s forced into the rotational move-
ment regarding the longitudinal axis 2 by the further guide
blades 56. Hereby, the dispersion 6 1s forced between the
damming body 52 as well as the inner wall 54 of the third
pipe section 50 and past the further guide blades 56. Because
of the curvature of the further guide blades 56, the rotational
velocity of the dispersion 6 increases with increasing pas-
sage 1n the guiding direction 34. Alternatively, the further
damming body 52 1s omitted, and the further guide blades 56
are attached at each other in the middle of the third pipe
section 30.

Because of the friction of the dispersion 6 at the guide
blades 56 of the inner wall 54 of the third pipe section 50 as
well as at the possibly present damming body 50, the parts
ol the dispersion being radially outwardly have a decreased
velocity. So, 1n particular, the velocity profile of the disper-
sion 6 after passing the damming body 52 as well as the
turther guide blades 56 1s such that the maximal velocity of
the dispersion 1s basically 1in the middle between the inner
wall 54 of the third pipe section 50 and the longitudinal axis
2. The dispersion 6 being forced into rotation 1n this manner
1s passed into the pipe section 12. Here, a change of the
velocity profile 1s caused by the female thread 36 of the pipe
section 12 such that the (absolute) velocity of the dispersion
6 1s 1ncreased with increasing distance to the longitudinal
axis 2. Consequently, the dispersion 6 has a velocity profile
like a rotating solid body when leaving the pipe section 12.
In other words, the rotational velocity of the dispersion 6
increases with increasing distance to the longitudinal axis 2.
Here as well, the separation of the particles 10 from the
incompressible fluid 8 1s caused by the rotational movement,
which 1s implemented mto the dispersion 6 by the further
guide blades 56 as well as the by the thread 36. Therelore,
alter passing the second pipe section 14, the particles 10 are
basically completely discharged through the slot 24 and the
fluid 8 through the slit 30 from the uniflow cyclone sepa-
rator.

The swirl generation of the dispersion 6 1s caused by the
pipe section 12, which 1s formed in the manner of the swirl
pipe. In other words, the dispersion 6 1s forced into a
rotational movement. So, the dispersion 6 1s forced into the
rotational movement by a pressure impact input, which 1s
caused by the notches 38, which have the angle of slope 40
regarding the longitudinal axis 2. Further, as an alternative,
the notches are not rounded, but, for example, angular-
shaped. However, the pipe section 12 at least has the female
thread 32, having several notches 38. For example, the
thread slope, 1.e. the angle of slope 40 of the female thread
36, increases continuously from 3° to 45°.

As Tar as the further gmde blades 356 are present, a
smoothening of the rotational movement of the dispersion 6
1s achuieved by the female thread 36, wherelfore the length of
the pipe section 12, 1.¢., 1ts extension i guiding direction 34,
may be decreased. A swirl structure i1s induced into the
dispersion 6 by the thread 36, which corresponds to a pure
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rigid body rotation (solid body rotation). In other words, the
tangential velocity profile, in particular from the pipe middle
axis, 1.e., from the longitudinal axis 2, linearly increases
radially outwardly. Consequently, the maximal absolute
velocity of the dispersion 6 basically 1s present at the inner
wall 32 of the pipe section 12 as well as at the inner wall 41
of the second pipe section 414. Consequently, the particles
10 are exhibited to a point-symmetrical centrifugal force
outwardly acting from the pipe middle axis, 1.e., the longi-
tudinal axis. In other words, the particles 10 are moved
radially outwardly, whereas the fluid 8 stays 1n the middle of
the pipe sections because of the lowered density and the
acting forces.

The particles 10 are also entrained by faster parts of the
flow of the dispersion 6. The particles 10 are relative
ciiciently moved radially outwardly, because the relative
faster parts of the flow are shifted to the inner wall 32 of the
pipe section 12 as well as to the mner wall 41 of the second
pipe section 14. For enhancing the movement of the particles
10 from the area of the pipe middle axis, 1.e., from the area
of the longitudinal axis 2, towards the inner wall 41 of the
second pipe section 14, the damming body 44 1s arranged
within the second pipe section 14 and fluid-technically
betore the separation chamber 16. In particular, the dam-
ming body 44 1s tlow-optimized. In this manner, areas of
detachment and, as a consequence thereof, in particular,
turbulences in the overrun are avoided.

The guide blades 56 may have the same slope as the
temale thread 36 and/or the female thread 42 of the second
pipe section 14, as far as 1t 1s present. Hereby, the overtlow
of the length of the guide blades 46 decreases towards the
inner wall 41 of the second pipe section 14 and may be
relatively small at that the mner wall 41. Consequently, the
swirl flow of the dispersion 6 maintains its maximal velocity
in the area of the inner wall 41 of the second pipe section 14.
In other words, the dispersion 6 has the largest velocity 1n
tangential direction and/or 1n guiding direction 34 1n the area
of the mner wall 41 of the second pipe section 14. So, the
structure of the rigid body rotation of the dispersion 6 1s also
maintained after the passage and during passage of the
second pipe section 14. Therefore, the particles 10 present 1n
the dispersion 6 are forced outwardly, into an area with a
relative fast flow, 1n particular a relative high velocity in
tangential direction, and, 1n particular, are carried by it,
because of the geometry of the damming body 44. Conse-
quently, the particles 10 do not reach the middle of the pipe
and thus not the longitudinal axis 2 again, after passing the
damming body 46.

The separation of the particles to 10 i1s achieved by the
separation chamber 14. Hereby, the geometric design of the
separation pipe 22 as well as of the guide pipe 10 and the slot
24 formed therebetween 1s determinative for the selectivity,
1.€., the percentage of the separated particles 10, as well as
for the efliciency, 1.e., the ratio of the fluid 8 guided out of
the uniflow cyclone separator 4 to the volume of the dis-
persion 6 passed into the uniflow cyclone separator. The
rotation of the dispersion 1s 6 1s flow-mechanically opti-
mized by the female thread 36. An optimal separation of the
particles 10 1s achieved by the damming body 44 in con-
junction with the female thread 36.

The unitlow cyclone separator 4 conduces to the separa-
tion of the particles 10 from a compressible or incompress-
ible fluid 8. Hereby, the dispersion 6 i1s forced into the
rotation by the pipe section 12 formed as a swirl pipe. For
a more ellicient generation of the rotation, the mnner wall 32
has the female thread 36 with several notches 38, which
ideally have the increasing angle of slope 40 in the guiding
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direction 34, which corresponds to the flow direction of the
dispersion 6. The swirl structure of the dispersion 6 gener-
ated 1n this manner 1s similar to the pure ngid body rotation
(solid body rotation) with a radially outwardly and linearly
increasing velocity profile 1 tangential direction. After
passing the pipe section 12, the rotating dispersion 6 1s
guided around the damming body 44, which 1s arranged 1n
the middle of the second the pipe section 14 and before the
separation chamber 16. Because of the damming body 44,
the amount of particles 10, which are present 1n an area
around the pipe middle axis, 1.e. in the area around the
longitudinal axis 2, after passing the second pipe section 14,
1s decreased and the particles the 10 are shifted towards the
inner wall 41 of the second pipe section 14. The damming
body 44 and the guide blades 46 are flow-optimized and
formed such that the swirl flow still has 1ts maximal velocity
at the inner wall of 41 of the second pipe section 14,
wherefore the particles 10 being present 1n the dispersion 6
are forced radially outwardly. These are separated from the
fluid 8 by the separation chamber 16.

In further other words, the disclosure refers to a unitflow
cyclone separator 4, also referred to as unidirectional par-
ticle cyclone separator or axial particle cyclone separator
(centrifugal separator). This 1s particularly meant and appro-
priate for separating particles 10 from a dispersion 6,
wherein the dispersion 6 has the incompressible fluid 8 and
may be composed of the incompressible fluid 8 as well as of
the particles 10. The umiflow cyclone separator 4 has the pipe
section 12 with the female thread 36. In other words, the
pipe section 12 has an mnner wall being at least sectionally
similar to a thread, wherein the female thread 36 conduces
to the swirl generation, 1.¢., the forcing of the dispersion 6
in the rotational movement in addition to the translational
movement along the longitudinal direction 34. The thread
slope, 1.e., the angle of slope 40 of the female thread 36,
increases along the guiding direction 34, 1.¢., along the tlow
direction.

In some aspects, the unitlow cyclone separator 4 has the
second pipe section 14, 1n the center of which the flow-
optimized damming body 44 1s arranged, to which the
thread-shaped guide blades 46 are attached. The slope of the
thread-shaped guide blades 46 corresponds to the largest
thread slope, 1.e., the largest angle of slope 40 of the female
thread 36. Addltlonally, the overtlowed length of the guide
blades 46 decreases towards the inner wall 41 of the second
pipe section 14.

Further, the second pipe section 14 1s provided at the side
facing away from the pipe section 12. In other words, the
inner diameter 1s enlarged. Additionally, the uniflow cyclone
separator 4 has the separation chamber 16 with the separa-
tion pipe 22, which 1s introduced into the guide pipe 20 in
counter-tlow direction, 1.e. contrary to the guiding direction
34. The ram pressure body 28 1s itroduced 1nto the sepa-
ration pipe 22 at the downstream arranged end, wherein the
slit 30 1s formed between those. The downstream positioned
end of the separation pipe 22 1s that end of the separation
pipe 22 facing away from the pipe section 12. The separation
pipe 22 1s arranged coaxially to the pipe section 12, the
second pipe section 14, as well as to the guide pipe 20, and
the mmner diameter as well as the outer diameter of the
separation pipe 22 1s dimimshed and as such tapered in
counter-tlow direction, 1.e., on the side of the second pipe
section 14.

In FIG. 5, an aspect of the second pipe section 14 1s shown
as a cross-section. Hereby, basically the guide blades 46 are
changed. Fight guide blades 46 are rotational symmetrically
arranged at the damming body 44, of which only a single one

10

15

20

25

30

35

40

45

50

55

60

65

16

1s shown, and are spiral-shaped. So, the guide blades 46
additionally have an extension in tangential direction. Fur-
ther, the guide blades 46 have an overrun regarding the swairl.

The disclosure 1s not limited by the aspects described
above. Rather other varnants of the disclosure may be
deduced herefrom, without departing from the subject of the
disclosure. In particular, further, all single features described
in conjunction with the single aspects are combinable with
cach other in another way, without departing from the
subject of the disclosure.

The mvention claimed 1s:

1. A umtlow cyclone separator for separating particles
from a dispersion comprising the particles and a fluid, the
unmiflow cyclone separator comprising:

a hollow-cylindrical pipe section for guiding the disper-

sion 1n a guiding direction,
wherein an mner wall of the hollow-cylindrical pipe
section comprises a female thread having an angle of
slope increasing in the guiding direction, and

wherein the female thread forms a helix along the guiding
direction.

2. The uniflow cyclone separator 1n accordance with claim
1,

wherein the female thread comprises a plurality of

notches between 4 notches and 20 notches.

3. The uniflow cyclone separator 1n accordance with claim
1,

wherein the angle of slope increases in the guiding

direction from a minimum angle of slope that 1s at least
15° to a maximum angle of slope that 1s no more than
60°.

4. The uniflow cyclone separator 1n accordance with claim
1,

turther comprising a hollow-cylindrical second pipe sec-

tion arranged after the hollow-cylindrical pipe section
in the guiding direction,

wherein a damming body with guide blades extending

radially outwards 1s attached to and arranged in the
hollow-cylindrical second pipe section, and

wherein the guide blades are spaced apart from an 1nner

wall of the hollow-cylindrical second pipe section.

5. The uniflow cyclone separator 1n accordance with claim
4,

wherein the guide blades are tilted with respect to regard-

ing the guiding direction and comprise the same angle
of slope as the female thread.

6. The umitlow cyclone separator 1n accordance with claim
4,

wherein a length of the gwde blades 1n the guiding

direction diminishes with increasing distance to the
inner wall.

7. The uniflow cyclone separator 1n accordance with claim
4,

wherein the hollow-cylindrical second pipe section 1is

widened at the side facing away from the hollow-
cylindrical pipe section.

8. The uniflow cyclone separator 1n accordance with claim
1,

turther comprlsmg a hollow-cylindrical third plpe section

further comprising a hollow-cylindrical third pipe sec-
tion arranged before the hollow-cylindrical pipe section
in the guiding direction,

wherein a further damming body having further guide

blades extending radially outwards 1s attached to and
arranged 1n the hollow-cylindrical third pipe section,
and
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wherein the further guide blades are attached to an inner
wall of the hollow-cylindrical third pipe section.
9. The unitlow cyclone separator 1n accordance with claim
8,
wherein the further guide blades are at least sectionally
tilted with respect to the guiding direction.
10. The umitlow cyclone separator 1n accordance with
claim 1,
further comprising a separation chamber arranged after
the hollow-cylindrical pipe section in the guiding direc-
tion,
the separation chamber comprising a separation pipe
being arranged coaxially to the hollow-cylindrical pipe
section,
the separation pipe having an inner diameter which 1s
smaller than the mnner diameter of the hollow-cylindri-
cal pipe section and circumierentially being surrounded
by a collecting chamber.

G e x Gx ex
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